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(54) FORMATION OF p-MONOIRON DISILICIDE THIN FILM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain an FeSi2 film of a p phase as-deposited on a 
substrate at a low substrate temp, regardless of the kinds of substrate material by using an 
FeSi2 alloy contg. a specified atomic ratio of Fc and Si as a target material and forming a 
film by pulse laser abrasion using a laser of wavelength in an ultraviolet light region at 
the substrate temp, equal to or below the specified one. 

SOLUTION: An FeSi2 alloy in which the atomic ratio of Fe to Si is 1 :2 and produced by 
a melting method or a sintering method is used as a target material and is irradiated with 
an ArF excimer laser or the like at <500°C substrate temp. The laser fluence F is 
preferably controlled to 1.5 to 5 J/cm2. In the case of an ArF laser, a P-FeS2 film free 
from droplets can be obtd. at 2 to 4 Jean. Preferably, the laser incident angle to the target 
is controlled to 45 degrees, the repeated frequency to 10 Hz, and the pressure in a film 
forming chamber to <10-6 Torr. A ceramics substrate, a metallic substrate or the like can 
be used in addition to an Si (100) substrate and an Si (1 1 1) substrate. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the formation method of the beta-FeSi 2 
thin film expected as an optical device material, efficient solar cell material, a heat- 
electrical resistance material, etc. 
[0002] 

[Description of the Prior Art]Although beta-FeSi 2 with a semiconductor characteristic 
has the outstanding characteristics, such as a 0.8 - 0.85-eV optical band gap, the 
Takamitsu absorption index, an elevated temperature and good physical-chemical 
stability, and oxidation resistance, and it can grow epitaxially to a Si substrate, ****** to 
which a beta-FeSi 2 crystal has a complicated structure which contains 16 pieces and 32 



Si atoms for Fe atoms in a single crystal. 

So, it is known that it is very difficult no matter what method may be used for the crystal 
growth. 

[0003] A beta-FeSi 2 film The Ion Beam Synthesis (IBS) method, Reactive Deposition 
Epitaxy Law (RDE), Solid Phase Epitaxy Law (SPE), the Molecular Beam Epitaxy 
(MBE) method, and Pulsed Laser Deposition Various methods, such as law (PLD), are 
reported. 

[0004]For example, to JP,4-210463,A. When depositing the beta-FeSi 2 film of 
polycrystal by PVD on an alumina substrate, the method of making small dispersion in a 
thermo sensitive register constant is indicated by substrate temperature's being 200-600 
**, and annealing at 500-900 ** after that. JP,7-166323,A is indicating the method of 
making iron deposit by PVD on the single crystal Si layer formed on both sides of the 
insulator layer on the single crystal Si substrate, carrying out solid phase reaction of this 
iron and single crystal Si layer, and forming the beta-FeSi 2 thin film of a single crystal. 
[0005]Since the ion beam (IBS) method injects into Si crystal substrate directly the 56 Fe + 
ion which carried out mass separation at high concentration (>10 16 ions/cm 2 ), it can 
expect generation of the parent phase of a high grade. Pouring distribution is freely 
changed with two or more infused energies (multiple ion implantation), There is an 
advantage with the controllable depth which forms a parent phase, 3-fold ion 
implantation etc. are reported (Ton-Beam.). Synthesized Semiconducting. Beta-FeSi 
2 Controlld. by Annealing Procedure and Phase-Transtions" Y.Maeda, T.Fujita, T.Akita, 
KUmezawaand KMiyake, and MRS Symp.Proc.486 (1998) 329, It is necessary to heat 
after membrane formation and to grow up a crystal by the IBS method. 
[0006]The IBS method is a method of using the operation by heat. 
It is necessary to heat a substrate to an elevated temperature, and there is a problem that 
the kind of substrate is restricted. 

As such a thing that solves a problem, to JP,10-130826,A, the substrate which comprises 
another side of the compound composing elements is irradiated with the ion beam of one 
metal of the compound composing elements, and the method 500 ** or less of forming 
membranes at low temperature comparatively is indicated for the compound thin film. 
It is indicated by by heating a Si substrate at 300 ** by this method, and irradiating with a 
Fe-ion beam and Si ion beam by turns to a substrate that the crystalline thin film of beta- 
FeSi 2 was obtained. 

[0007]The pulse laser ablation (PLD) method, . The pressure of atmosphere from which a 
thin film without the gap with the presentation of a target is obtained can form 
membranes in a field large [ to near lTorr ]. As it has an advantage of being able to make 
a growth rate very quick, for example, is indicated by the patent No. 2525910 gazette, 
Use plasma together and in the pressure range of 10 4 which plasma tends to generate - 
lTorr Oxides, such as ZnO and PLZT, Although it is suitable as a formation method of 
various thin films, such as what forms nitrides, such as TiN and BN, other oxynitrides, 
carbide, etc., and a thing which forms amorphous alloy tunics, such as a Ta-nickel system 
alloy, as indicated by JP,9-241832,A, A growth rate is very quick and crystallization is 
not fully performed, but membraneous quality is bad or. There are faults, such as an affix 
called "droplet" which cluster particles deposited liquid drop-like into the thin film, and 



formation of the beta-FeSi 2 film using the PLD method, Since the structure of beta-FeSi 
2 was dramatically complicated as mentioned above, the research on the process was 
hardly made conventionally. 

[0008]beta-FeSi 2 by the laser ablation method, although there are few reports about the 
practical forming-membranes method, To the "Physical Society of Japan" 
(VoL.53.No.ll, P858-859-1998) these days. Single parent phase Pori and the single 
crystal bulk beta-FeSi 2 sample which were grown up by the method of having developed 
a level temperature gradient method and chemicals gaseous phase conveyancing, That is, 
it is reported that performed epitaxial crystal growth by the laser ablation method or 
electron beam evaporation method using what made the target material itself the parent 
phase, and the good beta-FeSi 2 film sample was obtained. 
[0009] 

[Problem(s) to be Solved by the Invention]beta-FeSi 2 exists abundantly on the earth - 
men and beasts — it being harmless and, Conquer environment and a resources problem 
and as next-generation environmental low loading semiconductors, such as a Si-ULSI 
substitution opto-electronics device, a solar cell which has 16 to 23% of theoretical 
efficiency, an IR light sensor, and a thermal electron device, It is expected as a 
semiconductor which demonstrates different variegated physical properties from the 
conventional compound semiconductor. 

[0010]However, it is difficult to prepare a single-phase beta-FeSi 2 thin film, because, the 
iron silicide phase of others, such as alpha-FeSi 2, epsilon-FeSi 2, CsCl type FeSi, and 
gammaFeSi, is mixed with a beta-FeSi 2 phase, and is easy to be formed ~ it comes out 
clitteringly. 

[001 l]In the formation method of the conventional beta-FeSi 2 thin film. In order to use 
single crystal Si for a substrate, for a substrate material to have restrictions since Fe is 
deposited or Si is deposited on a Fe-group board, and to make epitaxial growth cause, 
When temperature of the substrate was made into the temperature over 500 ** or was 
made into suitable pressure conditions, it was required, generally, after forming 
membranes in order to obtain beta-FeSi 2 further, prolonged annealing in not less than 
600 ** was required, and creation of beta-FeSi 2 was difficult and complicated. 
[0012]Then, in order to have used the thin film of beta-FeSi 2 single phase for various 
uses, the simple method for film deposition which can form membranes regardless of the 
kind of substrate material was searched for without annealing with low substrate 
temperature using the target material which can be manufactured cheaply. 
[0013] 

[Means for Solving the Problem]this invention person provides a shadow mask between a 
target and a substrate, or, Without using a special means which is adopted in conventional 
technology of making membrane formation material emitted from a target reach a 
substrate via a passage area control member etc., About a method of growing up an 
outstanding crystalline beta-FeSi 2 phase with low substrate temperature at the same time 
it forms a film without a droplet. By using well an operation from which a thermal effect 
of the ablation method and a photochemical operation differed, when research and 
development are furthered wholeheartedly, It finds out that solution of the above- 
mentioned technical problem can be aimed at using a target material which can make it 
fully crystallize, without worsening and can manufacture membraneous quality cheaply 
in the range with specific substrate temperature, and came to complete this invention. 



[0014]Namely, an ingredient atomic ratio of Fe and Si manufactured with scorification or 
a sintering process shall use a FeSi2 alloy of a presentation of 1 :2 as a target material, and 
this invention shall be 500 ** or less in substrate temperature, It is a formation method of 
a beta-FeSi 2 thin film by the laser ablation method depositing a FeSi2 thin film of a 
parent phase deposited on a substrate by pulse laser ablation using laser of wavelength of 
an ultraviolet radiation field. As laser of wavelength of an ultraviolet radiation field, 
excimer laser, especially an ArF excimer laser with shorter wavelength, is preferred. 
[0015]Compared with a conventional method, low temperature may be sufficient as 
substrate temperature, and it is 400 ** or less more preferably 500 ** or less. Although 
substrate temperature is possible to a room temperature area, for forming a beta-FeSi 2 
single phase film, its about 100 ** is more preferred. Since other metallic phases of FeSi 
equality will begin to generate if substrate temperature exceeds 500 **, it is not desirable. 
[00 16] According to the beta-FeSi 2 method for forming thin film of this invention, at 
amorphous + parent phase structure and 100 <=Ts<=400 **, a mixed phase film of beta- 
FeSi 2 and FeSi is obtained by a single phase film of beta-FeSi 2, and 400<Ts<=500 ** at 
less than Ts< 100 **. 

[00 17] Although it was thought that the conventional PLD method was very effective in 
formation of a beta-FeSi 2 crystal, it needed crystal growth processing like annealing to 
obtain quality beta-FeSi 2 without a defect. The method of this invention can obtain a 
quality beta-FeSi 2 phase which docs not have a defect deposited using a target material 
manufactured with scorification or a sintering process, without needing such annealing. 
[0018]In this invention, a reason quality beta-FeSi 2 is obtained is considered as follows 
by using laser of wavelength of an ultraviolet radiation field by making substrate 
temperature into low temperature as mentioned above. Mixing with a film to which a 
spherical particle with a diameter of 1-10 micrometers which originates in surface 
melting with various materials, and disperses from a target adhered is known for the laser 
ablation (PLD) method. These particles cause a droplet and spoil the membranous 
characteristic greatly, this invention person found out that generating of this droplet could 
be controlled by using laser of wavelength of an ultraviolet radiation field. 
[0019]The ablation method comprises an operation from which a thermal effect and a 
photochemical operation differed. Laser of long wavelength [ like 1064 nm and 532 nm ] 
whose reason for which droplet scattering depends on wavelength and fluence of laser is 
brings about ablation based on a mainly thermal operation. So, a droplet disperses by 
melting of a target surface. 

[0020]On the other hand, in short wavelength like 193 nm of ArF laser, photochemical 
ablation is brought about, photon energy is consumed although an atomic electrical 
condition is excited, and heat for scattering of a droplet does not mainly remain on the 
surface of a target. However, since it increases with fluence, in bigger fluence, scattering 
of a droplet starts with heat which remains. 

[0021]Two key factors which determine growth of a beta-FeSi 2 film are temperature of a 
substrate, excitation kinds, and energies of substrate attainment particles, and these two 
factors control mobility of a membrane surface, and, thereby, determine the membranous 
characteristic. 

[0022] Structure of a deposited film in contrast with other manufacturing methods for 
which it depends to substrate temperature strongly the PLD method, When an excitation 
kind and energy of substrate attainment particles have an important role and fulfill 



conditions of a method of this invention rather than substrate temperature for growth of 
beta-FeSi 2 kristallite, especially a beta-FeSi 2 core, Quality beta-FeSi 2 is obtained for the 
first time. 
[0023] 

[Embodiment of the Invention] Although the method of this invention is a method of 
making a beta-FeSi 2 film depositing on a substrate by irradiating with a pulse laser beam 
the target made from the FeSi alloy manufactured with scorification or a sintering 
process, The laser ablation method itself condenses a pulse laser beam, and it irradiates a 
solid target with it, As a method of depositing on the substrate which opened the fixed 
interval and installed from the target the atom, molecule, and ion which were emitted, it 
is a publicly known means and these publicly known methods and a device can be used 
also in the method of this invention. 

[0024]In operation of the method of this invention, a turbo-molecular pump or an oil 
diffusion pump is used for the membrane formation interior of a room, It exhausts below 
to 10 ~ 6 Torr, substrate temperature is monitored with a thermo couple, and substrate 
temperature is controlled in the range of 500 ** or less by applying feedback to the 
current supplied to a heater. 

[0025]excimer laser, such as ArF, KrF, XeF, XeCl, etc. which are the laser of the 
wavelength of an ultraviolet radiation field at a laser source, — an ArF excimer laser (the 
wavelength of 193 nm, 20 ns of pulse half width values) is used preferably. Between 1.5 - 
5 J/cm 2 , the laser fluence F adjusts pulse energy and changes it. If the threshold which a 
film begins to deposit, and the threshold which a droplet begins to deposit exist in fluence 
and film creation is performed by fluence in the meantime, a good beta-FeSi 2 film 
without a droplet will be obtained. These thresholds change with laser to be used and, in 
the case of ArF laser, they are 2 J/cm 2 and 4 J/cm 2 , respectively. As for repetition 
frequency, 10 Hz is [ the degree of laser incidence angle to a target ] preferred 45 
degrees. Fluence is an important factor for obtaining the film of the ingredient atomic 
ratio of almost same Fe and Si as a target. 

[0026]As a substrate, metal substrates, such as oxide substrates, such as ceramics boards, 
such as Si (100) board and not only Si (1 1 1) board but alumina, a ferrite, etc., and a 
single crystal multiple oxide, a nitride substrate, a glass substrate, and stainless steel, etc. 
can be used, and it is not limited to the kind in particular of substrate material. 
[0027]If the ingredient atomic ratio of Fe and Si is a FeSi 2 alloy of a presentation of 1 :2, 
what heated alpha type iron silicide alloy and this, and was converted into beta type iron 
silicide crystal structure, and an amorphous thing can be used for a target material. As for 
this FeSi 2 alloy, what was manufactured by Fe, the arc melting method of a Si material, 
and the sintering process of FeSi powder is preferred. 

[0028]Compared with a conventional method with restrictions of thickness of about 50 
nm or less, according to the method of this invention, for example, making a 200-300- 
nm-thick beta-FeSi 2 film depositing is being able to make easily, and the thickness 
beyond it is also possible, but. The thickness of the beta-FeSi 2 film made to deposit is 
suitably defined according to a use etc. 
[0029] 

[Example]Example 1 drawing 1 shows the laser ablation device to be used. This device 
installs the target 15 and the substrate 16 at the predetermined intervals in the membrane 
formation room 10, is emitted from a light source unit, introduces the laser beam which 



condensed with the lens 17 in the membrane formation room 10 from the window part 
11, and it irradiates with it, rotating the target 15. Heating control of the substrate 16 is 
carried out with the heater 12. The exhausts 13, such as a turbo-molecular pump for 
making the inside of the membrane formation room 1 0 into a vacuum or an oil diffusion 
pump, are attached. 

[0030]The FeSi2 alloy (99.99%) of the presentation of the ingredient atomic ratio of Fe 
and Si prepared by the arc melting method of 1 :2 was used for the target. A 25-mm 
interval was opened from the target and Si (100) board was installed in a target and 
parallel. The inside of a chamber was exhausted below to 10 " 6 Torr using the turbo- 
molecular pump. The ArF excimer laser (the wavelength of 193 nm, 20 ns of pulse half 
width values) was used for the laser source. The irradiation area of the target was made 
into about 2-mm 2 , and laser fluence F was taken as 2J[/cm ] 1 . Making the degree of laser 
incidence angle to the target into 45 degrees, repetition frequency was 10 Hz. 
[0031]The 500-nm-thick beta-FeSi 2 film was made to deposit substrate temperature as 
100 **, 200 **, 300 **, 350 **, 375 **, 400 **, 425 **, and 450 **, respectively. The 
rate of sedimentation was 0.04 nm/s. 

[0032]As a result of observing the shape of surface type of the iron silicide thin film 
created using the above-mentioned FeSi 2 alloy target with a scanning electron 
microscope, it turned out that a smooth film with few droplets is obtained as shown in 
drawing 2 . The presentation of the deposited film was measured by X-ray photoelectron 
spectroscopy. Cu-K alpha irradiation estimated the crystal structure using the X-ray 
diffraction method. An X diffraction pattern is shown for the case of drawing 3 and 
2theta scan in drawing 4 , and a Raman spectrum is shown for the case of 2 theta-theta 
scan in drawing 5 . 

[003 3] When substrate temperature is 100 **, only the diffraction peak from a substrate is 
observed and it is thought that the formed film is amorphous, but. With the Raman 
spectrum, two peaks which have a center in 181-cm" 1 and 239-cm" 1 by beta-FeSi 2 are 
observed, and it is shown that generation of beta-FeSi 2 is [ at least 100 ** or less ] 
possible. 

[0034]In each temperature of not less than 200 **, it turns out that the diffraction peak 
considered to be the field (041) or (014) field of beta-FeSi 2 and the diffraction peak 
considered to be a field (224) come to be observed, and beta-FeSi 2 begins to grow. 
[0035]In each temperature of not less than 350 **, the diffraction peak of the field (220) 
of beta-FeSi 2 is observed further. 

[0036]if it becomes 425 ** and 450 **, the diffraction peak considered to be the field 
(3 1 1) or (040) field of beta-FeSi 2 will begin to be observed — in addition, It turns out that 
the diffraction peak from the field (110) of FeSi comes to be observed, and the formed 
film is a mixed phase film of beta-FeSi 2 and FeSi. 

[0037]comparative example 1 laser — Q-Nd: — membranes were formed like Example 1 
except having used the YAG laser (the wavelength of 1064 nm, 532 nm, a pulse anti- 
width value 15 ns). As for the obtained iron silicide film, many droplets were seen in the 
membrane surface, and beta-FeSi 2 did not generate. 
[0038] 

[Effect of the InventionJIn the case of other thin-film-forming methods, such as the ion 
beam method, 600-900 ** annealing over several hours in growth of a beta-FeSi 2 phase 
is required after film creation, and the creation is difficult, And since it is generable to 



taking time and effort using the target material which the method for forming thin film of 
this invention is 200-450 ** of low substrate temperature compared with other forming 
methods, and can moreover manufacture a beta-FeSi 2 phase without annealing cheaply, 
it is epoch-making as a practical method. 



CLAIMS 



[Claim(s)] 

[Claim l]An ingredient atomic ratio of Fe and Si manufactured with scorification or a 
sintering process shall use a FeSi2 alloy of a presentation of 1 :2 as a target material, and 
shall be 500 ** or less in substrate temperature, A formation method of a beta-FeSi 2 thin 
film by the laser ablation method depositing a FeSi2 thin film of a parent phase deposited 
on a substrate by pulse laser ablation using laser of wavelength of an ultraviolet radiation 
field. 

[Claim 2]Laser shall be made into an ArF excimer laser and substrate temperature shall 
be not less than 100 ** 400 ** or less, A formation method of a beta-FeSi 2 thin film by 
the laser ablation method according to claim 1 below 10 " 6 Torr's carrying out a pressure 
range of a membrane formation room, and making laser fluence into 1.5-5 J/cm 2 . 
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